We estimate the coupling of K * vector meson to the N → Θ + transition employing the unitary symmetry, vector meson dominance, and results of the GRAAL Collaboration on the η photoproduction off the neutron. Our small numerical value of the coupling confirms that the CLAS Collaboration null results do not contradict to theoretical expectations for the Θ-production. We also estimate the K * -coupling for the N → Σ * excitation, with Σ * being the Σ-like antidecuplet partner of the Θ + -baryon.
Introduction
Experimental status of the exotic baryon Θ + looks to be rather uncertain. Various collaborations give either positive results on its observation, or null results casting doubts on existence of the Θ + and on correctness of its positive evidences (see recent experimental reviews [1, 2] ). There are, however, no data of different groups with exactly overlapping conditions (initial and/or final states, kinematical regions, and so on). Therefore, when using today any null result of one group to reject a positive result of another group, we need to suggest some theoretical models/assumptions.
However, on this way, we also encounter numerous uncertainties. For instance, today's approaches to theoretical description of Θ-production (say, of its photoproduction off nucleon [3, 4, 5, 6, 7, 8, 9] ) are mainly based on meson or reggeon exchanges K and K * . The vertex for the KN Θ-coupling may be considered as known, if one assumes the spin-parity and width of Θ + to be known (the corresponding form factor is still a problem, of course). However, properties of the K * exchange are totally unknown. Meanwhile, they may be essential, as e.g., in comparison of the Θ-photoproduction off the proton and/or the neutron.
In the present note, we are going to obtain at least rough estimates of the K * N Θ-coupling. Similar estimates will be provided for K * -vertices of excitation N → Σ * . It will be done through relations of those vertices to the radiative vertex, extracted recently [10] from preliminary experimental data obtained by the GRAAL Collaboration [11] and confirmed, also preliminary, by the CB-ELSA-TAPS Collaboration [12] .
Transition vertices
Let us consider transitions between two baryons B 1 → B 2 through radiation of the photon or K * . As the first step, we may assume the flavor symmetry SU (3) F to be exact. Then, the corresponding vertices for the vector meson octet are generated in QCD by the quark vector current J a µ . It is an octet in SU (3) F , and the subscript a specifies its components. The electromagnetic current is also related (proportional, indeed) to one of those components. Since it conserves, and the SU (3) F is assumed to be exact, all other components should conserve as well. If both initial and final baryons have J P = 1/2 + , then the transition vertex V a µ (B 2 B 1 ) has, generally, the form
where q is the momentum transfer, and form factors f a i are invariant functions of q 2 . In the present note, we are interested in transitions between baryons of different flavor multiplets and, hence, of different masses. Then, conservation of the current J a µ implies that f a 1 is proportional to q 2 and, thus, disappears at q 2 = 0 , in contrast to f a 2 . For the case of exact SU (3) F , the last term of the vertex (1) does not provide any non-vanishing physically meaningful contribution (in total analogy with the similar term in the photon vertex).
Though the situation might change after accounting for violation of SU (3) F , we advocate the tensor coupling (i.e., the second term of Eq. (1)) to have the leading role at small q 2 for non-diagonal transitions. The relative contributions of other couplings should be suppressed. For the radiative decay B 1 → B 2 γ (or B 2 → B 1 γ), with the real photon having q 2 = 0, only the second term in the vertex is physically meaningful, and
where µ(B 1 → B 2 ) is the magnetic transition moment. Evidently, f 1 for diagonal transitions may not vanish at q 2 → 0, though the 'tensor dominance" may still be true as well. Really, experimental data suggest that the ratio f 2 /f 1 is large (∼ 6) for the vertex ρN N , but is small (< 0.2 ) for the vertices ωN N and φN N [13] . The dominance of the tensor coupling over the vector one in hadronic non-diagonal transitions (between different flavor multiplets) is supported by the analysis [14] of data for transitions between 10 and 8 multiplets. Regretfully, many phenomenological calculations of Θ-production (e.g., [3, 4, 5, 6, 7] ) have used only the vector coupling for vector-meson exchanges, assuming non-vanishing f a 1 | q 2 →0 and neglecting f a 2 (q 2 ) . To our best knowledge, the dominance of the tensor coupling has been used only in Refs. [8, 9] . Now we are going to estimate the tensor couplings for the transitions 8 → 10.
SU(3) F relations
The ground state baryons, p and n in particular, belong to the unitary octet, which we consider to be (practically) unmixed. For the nonet of ground state vector mesons, we assume the ideal octet-singlet mixing, such that φ ∼ ss, while ω corresponds to light quarks only. Both approximations are good enough for our present goals. An octet baryon could not be transformed into one of an antidecuplet by a unitary singlet meson. Transition through coupling with an unitary octet meson is possible. Since the product 8 × 8 contains 10 only once, all the appearing coupling constants may be expressed through one of them. The corresponding relations may be found by means of the Clebsch-Gordan coefficients for the group SU (3)
The proton belongs to the U -spin doublet (p, Σ + ), with U = 1/2, while the proton-like member of the antidecuplet, p * , enters the U -spin quartet (Θ + , p * , Σ * + , Ξ + 3/2 ), with U = 3/2. The vector meson nonet contains two independent U -singlet combinations, which cannot change U -spin and, thus, cannot transform p → p * . We may take them as ρ 0 + ω and ρ 0 − φ/ √ 2. This immediately gives us two relations
The meson K * 0 has U = 1. It is a member of the U -spin triplet, other members of which are the combination (ω − ρ 0 )/2 − φ/ √ 2 and (−K * 0 ). The standard SU (2) Clebsch-Gordan coefficients for the coupling (1 + 1/2) → 3/2, being applied to this triplet, provide a simple relation
It is easy now to use standard isotopic relations and obtain neutron couplings
where n * is the n-like member of the antidecuplet; relation for φ-couplings is similar to that for ω. In the same manner, one can find K * -couplings to transitions between the nucleon and Σ * , the Σ-like members of the antidecuplet. According to usual isotopic relations
while U -spin relations give
Evidently, all the couplings may be expressed through one of them. We can take it to be, say, f 2 (ρ 0 n n * ). Then, e.g.,
In its turn, the ρ-meson coupling may be estimated starting from the transition magnetic moment.
Vector meson dominance
A good approximation for non-hard electromagnetic interactions of hadrons is the hypothesis that "the entire hadronic electromagnetic current operator is identical with a linear combination of the known neutral vector-meson fields" [15] . This approach is now known as the vector-meson dominance (VMD) [16] (for its recent brief review see the talk [17] ). The simplest form of VMD takes into account only the lightest mesons ρ 0 , ω, and φ . Then the transition magnetic moments may be expressed as
In what follows, we will use f 2 (V B 1 B 2 ) only at q 2 = 0 , without showing this explicitly every time.
The meson-photon couplings g V can be easily related to the partial widths of decays V → e + e − :
In assumption of exact SU (3) F , the photon corresponds to the octet component with U = 0. Then the couplings g V satisfy the group relations
For illustration, let us consider how these relations, together with other SU (3) F relations (3) and VMD relation (9), provide cancellation 1 of various contributions to µ(p * → p) :
Relations (11), with an additional assumption m
V , predict also that
Experimentally [2] , these ratios look as (7.0 keV) : (0.6 keV) : (1.3 keV) = 11.6 : 1 : 2.1 .
Evidently, SU (3) F -violations are here less than 30%. Taking into account the difference of masses for ρ 0 , ω, and φ , one can see that accuracy of ratios (11) is also not worse than 30%. Having in mind large current uncertainties in properties of N * (1675), which we assume to be the N -like partner of the Θ + , we will use the SU (3) F relations as being precise. Then, similar to the proton transition moment (12), we obtain the neutron transition moment
1 In the exact SU (3)F , the µ(p * → p) should vanish, since the U -spins are 3/2 for p * , 1/2 for p, and 0 for the photon. After violation of SU (3)F this transition moment becomes non-vanishing, but is still much smaller than the µ(n * → n) [18] .
Numerical estimates
Now we are ready to discuss numerical values of various quantities. Experimental characteristics of ρ 0 [2] and Eq. (10) give |g V | ≈ 5 . Earlier in [10] , we have extracted |µ(n * → n)| = (0.13 − 0.37) µ N , where µ N = e/(2M N ) is the standard nuclear magneton. This means that
It is essentially smaller than |f 2 (ρ 0 N N )|, which equals 12 − 16 [13] .
With the value (15), Eqs. (4) and (5) give
Analogously, from Eqs. (6) and (8) we can find also K * -couplings for the Σ * -excitation:
Incidentally, the value of f 2 (K * + n Θ + ) = 1.1, supported now by Eq. (16), has been earlier used in Ref. [9] to estimate the production cross section of Θ + in photoreactions 2 . With the width of Θ + of 1 MeV and the above value of f 2 (K * N Θ), calculations [9] provide small cross sections σ tot (γp → K 0 Θ + ) < 0.22 nb and σ tot (γn → K − Θ + ) < 1 nb, which are below the limits put recently by the CLAS Collaboration [20, 21] .
To make more detailed comparison with the results of the CLAS Collaboration, we use the model of Ref. [9] and the above range (16) of K * coupling constants to calculate the corresponding range of the Θ + production cross section in the process γ + p → K 0 + Θ + , depending on the photon energy, see Fig. 1 .
These calculations are compared with the corresponding upper limit put by the CLAS Collaboration in Ref. [20] . We see that, apart from the higher photon energy region, our estimate of the cross section is always below the limits put by the CLAS Collaboration. This comparison shows that the CLAS analysis procedure of Ref. [20] might be not sensitive enough to reveal Θ + . Surely, the estimate (16) is very rough, nevertheless it clearly shows that the coupling of the K * to N Θ + system is very small. Moreover, we expect that corrections due to nonzero mass of the strange quark may further reduce our estimate. Figure 1 : Shaded band corresponds to the range of Θ + production cross section in the process γ + p → K 0 + Θ + as the function of the photon energy, expected according to model [9] . The lower and upper edges of the band correspond to the coupling constant values |f 2 (K * 0 p Θ + )| = 1.10 and 3.14, the range obtained in the present paper. The filled circles correspond to the experimental upper limits for the cross section put by the CLAS Collaboration [20] .
